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(54) METHOD AND APPARATUS FOR MIXING GAS INTO HIGH-VISCOSITY MATERIAL 



(57) The present invention provides a method in 
which by using a piston pump comprising a piston and a 
cylinder, the piston being adapted to reciprocally move 
within the cylinder to effect a suction stroke and a dis- 
charge stroke, 

a gas is supplied into the cylinder during and/or 
after the suction stroke of the piston pump, a high-vis- 
cosity material is supplied into the cylinder after the suc- 
tion stroke and the discharge stroke of the piston pump 
is effected after completion of the supply of the high-vis- 
cosity material in the cylinder, to thereby discharge the 
gas and the high-viscosity material into a pipe. The 
present invention also provides a method comprising: a 
first step of introducing a high-viscosity material into a 
gas; a second step of pressurizing, by means of a 
pump, a combination of the high-viscosity material and 
the gas transferred from the first step; a third step of 
passing the combination in a pressurized state through 
a dispersing pipe, to thereby disperse the gas into the 
high-viscosity material to produce a mixture; and a 
fourth step of discharging the mixture which has been 
passed through the dispersing pipe, to thereby effect 
foaming. In the first step, use is made of piston pumps 
45A and 45B, each including a cylinder and a piston 
which reciprocally moves within the cylinder to effect a 
suction stroke and a discharge stroke, and a membrane 
gas generator 1 0 to which compressed air is supplied to 
generate a gas. A low-pressure gas generated by the 
membrane gas generator 10 is supplied into each pis- 
RESS MAIL LABEL 
EV 815 584 778 US 



ton pump to introduce the high-viscosity material into 
the gas. 
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Description 
TECHNICAL FIELD 

[0001 ] The present invention relates to a method and 
an apparatus for mixing a high-viscosity material into a 
gas and a piston pump used therefor. For example, the 
present invention is applied to a process prior to foam- 
ing for producing a foamed-in-place gasket or a fill foam 
in a void. 

[0002] The present invention also relates to a method 
and an apparatus for foaming a high-viscosity material 
and is applied to, for example, a foamed-in-place gas- 
ket, filling of a void, etc. 

TECHNICAL BACKGROUND 

[0003] Fig. 5 is a fluid circuit diagram of a foaming 
apparatus 90 using a conventional mixing device. 
[0004] In Fig. 5, a high-viscosity material contained in 
a container 91 is pressurized by a pump 92 and is trans- 
ferred to a power mixer 94. A compressed gas in a gas 
cylinder 93 is adjusted to have a high pressure and is 
transferred to the power mixer 94. 
[0005] The power mixer 94 is operated by rotating a 
motor M. The power mixer 94 mixes, under high pres- 
sure, a combination of the high-viscosity material and 
the gas supplied thereto to make the mixture thereof. 
The mixture of the high-viscosity material and the gas 
mixed by the power mixer 94 is discharged from a noz- 
zle 96 through a pipe 95. As the gas, a nitrogen gas, a 
carbonic acid gas or air can be used. The foaming 
apparatus 90 arranged as mentioned above is used for, 
for example, applying a high-viscosity polymeric mate- 
rial such as a hotmelt adhesive (see Unexamined Japa- 
nese Patent Application Public Disclosure No. 63- 
264327). 

[0006] A hotmelt adhesive comprises a thermoplastic 
polymer which is in a solid form at room temperature. 
The hotmelt adhesive is melted andfluidized by heating. 
When the hotmelt adhesive in a molten state is cooled 
to room temperature, the adhesive solidifies and exerts 
not only adhesive strength, but also exerts physical 
strength as a solid mass. In conventional foaming appa- 
ratuses for a hotmelt adhesive, a mixture of a gas and a 
molten hotmelt adhesive is cooled before occurrence of 
an escape of the gas and then, the mixture is foamed, 
with the gas being incorporated into the hotmelt adhe- 
sive by utilizing the strength of the adhesive which is 
exerted immediately after cooling. 
[0007] In the above-mentioned conventional foaming 
apparatus 90, in order to mix the high-viscosity material 
and the gas, the high-viscosity material and the gas 
after heating must be transferred under high pressure to 
the power mixer 94. When the viscosity of the high-vis- 
cosity material is as high as, for example, 100,000 cps, 
it is considered that the internal pressure of the power 
mixer 94 is 100 kg/cm 2 or more. Therefore, in order to 



supply the gas and the high-viscosity material to the 
power mixer 94 at the same time, the pressure of the 
gas needs to be higher than that of the high-viscosity 
material. 

5 [0008] In the conventional foaming apparatus 90, the 
amount of gas is measured by controlling the flow rate 
of the gas. However, when the pressure of the gas is 
high, it is difficult to control the gas flow rate. Further, a 
minor error in the gas flow rate under high pressure 

w becomes a major error under atmospheric pressure. 
For example, an error in the flow rate of 50 kg/cm 2 
becomes 50 times greater under atmospheric pressure. 
Therefore, in the conventional foaming apparatus 90, 
there are great variations in the mixing ratio of the high- 

15 viscosity material and the gas, so that foaming ratio 
cannot be stably conducted, thus making it difficult to 
achieve uniform foaming ratio. 
[0009] Further, the high-pressure gas cylinder 93 for 
supplying the gas must be replaced when the com- 

20 pressed gas in the high-pressure gas cylinder 93 has 
been exhausted, so that maintenance becomes cum- 
bersome. Further, for replacement of the high-pressure 
gas cylinder 93, another high-pressure gas cylinder 93 
must be installed as a spare, so that a large space is 

25 required for installment of these gas cylinders. In addi- 
tion, various measures must be taken from the view- 
point of safety, according to regulations for high- 
pressure gases. For these reasons, the conventional 
foaming apparatus is disadvantageous in terms of 

30 COStS. 

[001 0] In view of the above, the present invention has 
been made. It is an object of the present invention to 
provide a method and an apparatus for mixing a high- 
viscosity material into a gas and a piston pump used 
35 therefor, which enable the gas to be mixed or introduced 
into the high-viscosity material under low pressure and 
which achieves an accurate mixing ratio of the gas and 
the high-viscosity material. 

[001 1 ] It is another object of the present invention to 
40 provide a method and an apparatus for foaming a high- 
viscosity material, which enable the gas to be intro- 
duced into the high-viscosity material under low pres- 
sure and which are free from the problems 
accompanying the conventional technique due to the 
45 use of a high-pressure gas cylinder and ensure easy 
maintenance, high safety and low costs. 

DISCLOSURE OF THE INVENTION 

so [001 2] In the method of the present invention, by using 
a piston pump comprising a piston and a cylinder, the 
piston being adapted to reciprocally move within the cyl- 
inder to effect a suction stroke and a discharge stroke, a 
gas and a high-viscosity material are supplied sepa- 

55 rately from each other into the cylinder in a batchwise 
manner so as to supply the gas during the suction 
stroke of the piston pump and to supply the high-viscos- 
ity material after the suction stroke, and the discharge 
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stroke of the piston pump is effected after completion of 
the supply of the high-viscosity material in the cylinder, 
to thereby discharge the gas and the high-viscosity 
material into a pipe. 

[001 3] In the method of the present invention, a dead s 
space within the cylinder may become substantially 
zero at the condition of completion of the discharge 
stroke of the piston pump. 

[0014] The apparatus of the present invention com- 
prises: a piston pump including a piston and a cylinder, 10 
the piston being adapted to reciprocally move within the 
cylinder to effect a suction stroke and a discharge 
stroke; a gas supplying device for supplying a gas into 
the cylinder under a predetermined pressure; a high- 
viscosity material supplying device for supplying a high- is 
viscosity material into the cylinder under a predeter- 
mined pressure; and a control device for effecting con- 
trol to supply the gas and the high-viscosity material 
separately from each other into the cylinder in a batch- 
wise manner so that the gas is supplied during and/or 20 
after the suction stroke of the piston pump and the high- 
viscosity material is supplied after the suction stroke, 
and to effect the discharge stroke of the piston pump 
after completion of the supply of the high-viscosity 
material in the cylinder to discharge the gas and the 25 
high-viscosity material into a pipe. 
[0015] In the apparatus of the present invention, first, 
second and third needle valves may be provided in the 
cylinder of the piston pump, the first needle valve being 
provided at a stroke end of the discharge stroke and 30 
adapted to control discharge, the second needle valve 
being provided in the vicinity of the stroke end of the dis- 
charge stroke and adapted to control supply of the gas, 
the third needle valve being provided in the vicinity of a 
stroke end of the suction stroke and adapted to control 35 
supply of the high-viscosity material and a dead space 
within the cylinder may become substantially zero at the 
condition of completion of the discharge stroke of the 
piston pump. 

[001 6] The piston pump of the present invention com- 40 
prises: a cylinder; and a piston which reciprocally 
moves within the cylinder to effect a suction stroke and 
a discharge stroke, wherein first, second and third nee- 
dle valves are provided in the cylinder of the piston 
pump, the first needle valve being provided at a stroke 45 
end of the discharge stroke and adapted to control dis- 
charge, the second needle valve being provided in the 
vicinity of the stroke end of the discharge stroke and 
adapted to control supply of the gas, the third needle 
valve being provided in the vicinity of a stroke end of the so 
suction stroke and adapted to control supply of the high- 
viscosity material and wherein a dead space within the 
cylinder becomes substantially zero at the condition of 
completion of the discharge stroke of the piston pump. 
[0017] The method of the present invention com- 55 
prises: a first step of introducing a high-viscosity mate- 
rial into a gas; a second step of pressurizing, by means 
of a pump, a combination of the high-viscosity material 



and the gas transferred from the first step; a third step of 
passing the combination in a pressurized state through 
a dispersing pipe, to thereby disperse the gas into the 
high-viscosity material to produce a mixture; and a 
fourth step of discharging the mixture which has been 
passed through the dispersing pipe, to thereby effect 
foaming, wherein in the first step, use is made of a pis- 
ton pump including a cylinder and a piston which recip- 
rocally moves within the cylinder to effect a suction 
stroke and a discharge stroke and a membrane gas 
generator to which compressed air is supplied to gener- 
ate a gas, and a low-pressure gas generated by the 
membrane gas generator is supplied into the piston 
pump to introduce the high-viscosity material into the 
gas, for example, in a batchwise manner. It should be 
noted that introducing the high-viscosity material into 
the gas in a batchwise manner is conducted by supply- 
ing the gas into the piston pump separately from the 
high-viscosity material. 

[001 8] In the method of the present invention, a nitro- 
gen gas may be generated by the membrane gas gen- 
erator and the generated nitrogen gas may be used as 
the gas. 

[0019] The method of the present invention may fur- 
ther include the steps of: supplying the gas into the cyl- 
inder during and/or after the suction stroke of the piston 
pump; supplying the high-viscosity material into the cyl- 
inder after the suction stroke; effecting the discharge 
stroke of the piston pump after completion of the supply 
of the high-viscosity material in the cylinder, to thereby 
discharge the gas and the high-viscosity material into a 
pipe. 

[0020] In the method of the present invention, a mixing 
ratio of the gas and the high-viscosity material may be 
controlled, based on a supply pressure ratio of the gas 
to the high-viscosity material supplied into the cylinder 
of the piston pump. 

[0021 ] In the method of the present invention, a mixing 
ratio of the gas and the high-viscosity material may be 
controlled, by means of a gas pressure, an volume of 
the gas supplied into the cylinder of the piston pump. 
[0022] The apparatus of the present invention com- 
prises: a membrane gas generator to which com- 
pressed air is supplied to generate a nitrogen gas; a 
high-viscosity pump for pumping a high-viscosity mate- 
rial; a piston pump including a piston and a cylinder, the 
piston being adapted to reciprocally move within the cyl- 
inder to effect a suction stroke and a discharge stroke, 
the piston pump being adapted to discharge a combina- 
tion of the high-viscosity material pumped from the 
high-viscosity pump and the gas supplied from the 
membrane gasgenerator; a pressurizing pump for pres- 
surizing the combination of the high-viscosity material 
and the gas discharged from the piston pump; a dis- 
persing pipe for passing the combination in a pressu- 
rized state therethrough to disperse the gas into the 
high-viscosity material to produce a mixture; and a dis- 
charging device for discharging the mixture passed 
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through the dispersing pipe. 

[0023] As the high-viscosity material, an adhesive, a 
gap-filling sealing material, a coating material, a mate- 
rial for a foamed-in-place gasket or a material for a fill 
foam in a void can be used. More specifically, the high- 
viscosity material may be a moisture curing material, a 
thermosetting material, a chemical reactive curing 
material or a hotmelt material. Of these, a material 
which hardens or solidifies immediately after foaming 
upon discharge is preferred in the method and appara- 
tus of the present invention, from the viewpoint of 
achieving hardening or solidifying of the high-viscosity 
material with the gas being dispersed therein. 
[0024] As the gas, a nitrogen gas, a carbon acid gas 
or air can be used. 

[0025] As the dispersing pipe for dispersing the gas in 
the high-viscosity material, for example, a hose or pipe 
having a length as large as from several to ten-odd 
meters is used. Such a hose or pipe may be straight or 
wound in an arc or a spiral. The hose or pipe may be 
used as a dispersing pipe unit mounted on and sup- 
ported by a frame. By passing the combination of the 
high-viscosity material and the gas through the dispers- 
ing pipe in a pressurized state, the gas is formed into 
fine bubbles by shearing force and spread or dispersed 
in the high-viscosity material. 
[0026] The membrane gas generator supplies a low- 
pressure gas having a pressure adjusted in a range of 
about 0.1 to 5 kg/cm 2 , preferably about 0.1 to 3 kg/cm 2 . 
The membrane gas generator separates gases in air by 
utilizing differences in membrane permeation velocity 
between the gases, thus generating a desired gas. The 
velocity at which a gas permeates a membrane 
depends on the solubility and diffusing ability of mole- 
cules of the gas with respect to the membrane. Nitrogen 
can be separated with high efficiency because, of the 
components of air, nitrogen has the lowest membrane 
permeation velocity. A nitrogen gas can be continuously 
obtained by supplying compressed air to the membrane 
gas generator. 

[0027] Next, a mixing method of the present invention 
is described, with reference to the accompanying draw- 
ings. 

[0028] Referring to Fig. 1 , compressed air is supplied 
into a port 31 . A gas is supplied under a pressure set by 
a pressure regulating valve 34 from a gas supplying 
device 10 to a pipe 39B. On the other hand, a motor 
M1 A is controlled, and a high-viscosity material MV is 
supplied under a predetermined high pressure from a 
high-viscosity material supplying device 1 1 into a pipe 
39A as desired, by means of a screw pump operated by 
rotating the motor M1 A. 

[0029] As shown in Fig. 4, a piston moves from a dis- 
charge end to a suction end of a cylinder, to thereby 
effect a suction stroke. During the suction stroke, when 
a time T1 has passed after start of the above movement 
of the piston, a needle valve NV1 opens, to thereby sup- 
ply the gas into the cylinder. The needle valve NV1 



closes after a short time after the piston has reached 
the suction end. Therefore, at the time of completion of 
the suction stroke, the cylinder is filled with the gas hav- 
ing the regulated pressure. 

5 [0030] When a time T3 has passed after closing of the 
needle valve NV1, a needle valve NV3 opens. The nee- 
dle valve NV3 is opened for a time period T4. During this 
period, the high-viscosity material MV is supplied from 
the high-viscosity material supplying device 1 1 into the 

w cylinder. Due to high pressure of the high-viscosity 
material, the low-pressure gas, which has been sup- 
plied to the cylinder before supplying the high-viscosity 
material, is compressed in accordance with its pressure 
ratio relative to the high-viscosity material. Conse- 

15 quently, the volume of the gas in the cylinder becomes 
almost negligible. 

[0031 ] For example, when the pressure of the gas is 1 
kg/cm 2 and the pressure of the high-viscosity material is 
200 kg/cm 2 , the volume of the gas becomes about 

20 1/200. In this case, the high-viscosity material in an 
amount equal to the volume of the cylinder is mixed with 
the gas of 1 kg/cm 2 in the same volume. It should be 
noted that the gas of 1 kg/cm 2 in a volume equal to the 
volume of the cylinder is equivalent to the gas under 

25 atmospheric pressure (a pressure of 0 kg/cm 2 ) in a vol- 
ume twice that of the cylinder. That is, supplying the gas 
of 1 kg/cm 2 into the cylinder is equivalent to pressuriz- 
ing the cylinder to + 1 kg/cm 2 , as the pressure in the cyl- 
inder is a negative pressure of about - 1 kg/cm 2 before 

30 supplying the gas during the suction stroke. Therefore, 
a mixing ratio R of the gas and the high-viscosity mate- 
rial when the volume of the gas is converted into that 
under atmospheric pressure is 2:1, since the gas is 
compressed by 1/2 relative to the volume of the cylinder. 

35 The mixing ratio R is expressed by a general formula 
R = (P1 + 1):1 wherein P1 indicates the supply pres- 
sure of the gas. That is, the mixing ratio R can be easily 
adjusted or controlled by adjusting the supply pressure 
P1 of the gas. 

40 [0032] When a time T5 has passed after closing of the 
needle valve NV3, a needle valve NV5 opens and the 
piston moves from the suction end to the discharge end, 
to thereby effect a discharge stroke. During the dis- 
charge stroke, the needle valves NV1 and NV3 are 

45 closed. When the needle valves NV1 and NV3 are 
closed, forward ends of the needle valves NV1 and NV3 
are flush with an inner circumferential surface of the cyl- 
inder, so that a dead space within the cylinder becomes 
substantially zero and therefore, all the gas and the 

so high-viscosity material in the cylinder are discharged 
from an opening of the needle valve NV5. When a time 
T6 has passed after completion of the discharge stroke, 
a subsequent suction stroke is started. 
[0033] When a plurality of piston pumps are provided, 

55 the piston pumps are operated in a manner such that 
after the discharge stroke of one piston pump has been 
completed, the discharge stroke of another piston pump 
is started. Consequently, the high-viscosity material and 
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compressed gas, which are discharged in layers from 
each piston pump, are discharged continuously from 
the plurality of piston pumps into a pipe. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 
[0034] 

Fig. 1 is a circuit diagram showing a part (i.e.. a mix- 
ing/supplying device) of a foaming apparatus of the 10 
present invention. 

Fig. 2 is a circuit diagram showing the remaining 
part (i.e., a pressurizing device, a dispersing device 
and a discharging device) of the foaming apparatus 
of the present invention. 15 
Fig. 3 is a front cross-sectional view showing a 
structure of a piston pump. 
Fig. 4 is a timing chart for explaining an operation of 
the piston pump. 

Fig. 5 is a fluid circuit diagram of a conventional 20 
foaming apparatus Jbr a high-viscosity material. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0035] Fig. 1 is a circuit diagram showing a part of a 25 
foaming apparatus 1 of the present invention (i.e., a cir- 
cuit diagram of a batch type mixing/supplying device 5 
of the present invention). Fig. 2 is a circuit diagram 
showing the remaining part of the foaming apparatus 1 
of the present invention. Fig. 3 is a front cross-sectional 30 
view showing a structure of a piston pump 45A or 45B. 
Fig. 4 is a timing chart for explaining an operation of the 
piston pump 45A or 45B. 

[0036] In Figs. 1 and 2, the foaming apparatus 1 com- 
prises: the gas supplying device 10, the high-viscosity 35 
material supplying device 11 and a gas introducing 
device 12 to be used in a first step in the present inven- 
tion; a pressurizing device 13 to be used in a second 
step in the present invention; a dispersing device 14 to 
be used in a third step in the present invention; a dis- 40 
charging device 15 to be used in a fourth step in the 
present invention; and a control device 19 for overall 
control of the devices 10 to 15. The gas supplying 
device 10, the high-viscosity material supplying device 
1 1 , the gas introducing device 1 2 and the control device 45 
19 provide a batch type introducing/supplying device, 
i.e., the mixing/supplying device 5, of the present inven- 
tion as shown in Fig. 1. The mixing/supplying device 5 
corresponds to a mixing apparatus of the present inven- 
tion, so 
[0037] Referring to Fig. 1 , the gas supplying device 10 
supplies a low-pressure gas having a pressure adjusted 
in a range of about 0.1 to about 5 kg/cm 2 , preferably 
about 0.1 to about 3 kg/cm 2 . In this embodiment, use is 
made of a known nitrogen gas generating device (mem- 55 
brane gas generator) to which compressed air is sup- 
plied to separate and take out a nitrogen gas from the 
air by membrane separation. For example, as shown in 



Fig. 1, the gas supplying device 10 comprises the port 
31 for receiving compressed air from a compressor, a 
filter 32, a membrane separation module 33, the pres- 
sure regulating valve 34 and a gas flowmeter 35. 
[0038] The membrane separation module 33 sepa- 
rates gases in air by utilizing differences in membrane 
permeation velocity between the gases, thus generating 
a desired gas. The velocity at which a gas permeates a 
membrane depends on the solubility and diffusing abil- 
ity of molecules of the gas with respect to the mem- 
brane. Nitrogen can be separated with high efficiency 
because, of the components of air, nitrogen has the low- 
est membrane permeation velocity. In the membrane 
separation module 33 in this embodiment, water and 
oxygen having high membrane permeation velocities 
are discharged to the outside of the membrane, and 
nitrogen having the lowest membrane permeation 
velocity is taken out as a gas. Generally, the pressure of 
the nitrogen gas outputted from the membrane separa- 
tion module 33 is lower than that of the inputted com- 
pressed air by about 0.5 to about 1 kg/cm 2 . As the 
membrane separation module 33, for example, UT 
Series (manufactured and sold by Taiyo Toyo Sanso 
Co., Ltd.) can be used. 

[0039] When the membrane separation module 33 is 
used, a nitrogen gas can be continuously obtained by 
supplying compressed air to the membrane separation 
module 33. Further, the membrane separation module 
33 has a simple construction and a low possibility of 
malfunctioning, leading to easy maintenance. The 
membrane separation module 33 has no drive, so that it 
is free from vibration and noise. The membrane separa- 
tion module 33 is small and does not require a large 
space for installation. A gas having a low moisture con- 
tent can be stably obtained. The membrane separation 
module 33 is operated with a low-pressure output, lead- 
ing to high safety and low costs. 
[0040] The high-viscosity material supplying device 1 1 
supplies the high-viscosity material under a high pres- 
sure adjusted in a range of about 100 to about 300 
kg/cm 2 , preferably about 150 to about 250 kg/cm 2 . In 
this embodiment, a plunger pump 42A of a follower 
plate type is used as a pump for pumping the high-vis- 
cosity material. In the plunger pump 42A f the high-vis- 
cosity material MV contained in a can is pressed by 
means of a plate driven by a cylinder device (not 
shown), to thereby transfer the high-viscosity material 
MV into the pipe 39A. 

[0041] The gas introducing device 12 comprises two 
piston pumps 45A and 45B which are alternately oper- 
ated. The piston pumps 45A and 45B include pistons 
reciprocally and linearly moved by motors M2A and 
M2B, respectively. Thus, the piston reciprocally moves 
within a cylinder in each piston pump, thereby effecting 
the suction stroke and the discharge stroke. The piston 
pumps 45A and 45B are provided between the pipe 39A 
and a pipe 44A. The high-viscosity material MV from the 
high-viscosity material supplying device 1 1 and the gas 
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from the gas supplying device 10 are introduced sepa- 
rately from each other in a predetermined ratio into each 
of the piston pumps 45A and 45B in a batchwise man- 
ner. 

[0042] Next, explanation is made of structures of the 
piston pumps 45A and 45B. The structure of the piston 
pump 45A is identical to that of the piston pump 45B. 
Therefore, only the piston pump 45A is described. 
[0043] Referring to Figs. 1 and 3, the piston pump 45A 
comprises: a cylinder 451 ; a piston 452 which sealingly 
engages and slidably moves within the cylinder 451; 
and three needle valves NV1, NV3 and NV5 provided in 
the cylinder 451 . 

[0044] The needle valve N V5 is a valve for controlling 
discharge and is provided at a stroke end of the dis- 
charge stroke in the piston pump 45A. The needle valve 
NV3 is a vatve for controlling supply of the gas and is 
provided in the vicinity of the stroke end of the discharge 
stroke. The needle valve NV1 is a valve for controlling 
supply of the high-viscosity material M V and is provided 
in the vicinity of a stroke end of the suction stroke in the 
piston pump 45A. 

[0045] The needle valves NV1 , NV3 and NV5 are sub- 
stantially identical to each other in terms of structure. In 
each needle valve, a needle 453 is axially moved by a 
pneumatic cylinder so that the forward end of the needle 
453 opens and closes an opening 454 formed on an 
inner circumferential surface or end surface of the cylin- 
der 451. A valve body includes a port 455 communicat- 
ing with a valve chamber. 

[0046] When the needle valves NV1, NV3 and NV5 
are closed, the forward end of the needle 453 of each 
needle valve is flush with the inner circumferential sur- 
face or end surface of the cylinder 451 , so that the dead 
space between the needle 453 and the piston 452 is 
substantially zero. Therefore, when the needle valves 
NV1 , NV3 and NV5 are closed, there is no possibility 
that a part of the gas or high-viscosity material supplied 
into the cylinder 451 will enter and remain in the valve 
chambers of the needle valves NV1, NV3 and NV5. 
When the needle valve NV5 opens to effect the dis- 
charge stroke, all the gas and the high-viscosity mate- 
rial in the cylinder 451 are discharged. 
[0047] Check valves CV3 and CV4, and check valves 
CV5 and CV6 are provided in the pipe 39B and the pipe 
44A, respectively. The volume (discharge volume) of the 
cylinder of each of the piston pumps 45A and 45B is 
determined from the diameter of the piston 452 and the 
stroke (the distance by which the piston moves) of the 
piston 452. In this embodiment, the diameter of the pis- 
ton 452 is 16 mm, the stroke of the piston 452 is 125 
mm and the volume of the piston 452 is 25 cc. 
[0048] The control device 19 controls motors M1A, 
M2A and M2B and the needle valves NV1 , NV3 and 
NV5 so as to supply the gas into the cylinder 451 of 
each of the piston pumps 45A and 45B during the suc- 
tion stroke, supply the high-viscosity material MV into 
the cylinder 451 in a batchwise manner after the suction 



stroke and effect the discharge stroke after completion 
of the supply of the high-viscosity material MV in the cyl- 
inder, to thereby discharge the gas and high-viscosity 
material into the pipe 44A. 
5 [0049] Next, an operation of the mixing/supplying 
device 5 is described. 

[0050] Fig. 4 is a timing chart for explaining operations 

of the piston pumps 45A and 45B. 

[0051] Compressed air is supplied into the port 31 

10 shown in Fig. 1, and the gas is supplied into the pipe 
39B under the pressure set by the pressure regulating 
valve 34. The motor M1 A is controlled so that the high- 
viscosity material MV is supplied under the predeter- 
mined high pressure into the pipe 39A as desired, by 

15 means of the screw pump operated by the motor M1 A. 
[0052] As shown in Fig. 4, in either of the piston 
pumps 45A and 45B, the piston 452 moves from the dis- 
charge end to the suction end, to thereby effect the suc- 
tion stroke. During the suction stroke, when the time T1 

20 has passed after start of the movement of the piston, 
452, the needle valve NV1 opens, to thereby supply the 
gas into the cylinder. The time T1 is a period of about 1 
to about 2 seconds. During this period, the pressure in 
the cylinder 451 is negative. 

25 [0053] After a short time after the piston 452 has 
reached the suction end, the needle valve NV1 closes. 
Therefore, at the time of completion of the suction 
stroke, the cylinder 451 is filled with the gas having the 
regulated pressure. The amount of gas suctioned into 

30 the cylinder 451 by a single suction stroke is measured 
by the gas flowmeter 35. When the amount of gas 
measured by the gas flowmeter 35 is less than a prede- 
termined value, the control device 19 emits a warning 
signal. Thus, the supply amount of the gas during the 

35 suction stroke is monitored by the control device 19. 
[0054] When the time T3 has passed after closing of 
the needle valve NV1 , the needle valve NV3 opens. The 
time T3 is a period of about 0.1 to about 0.5 second. 
Thus, simultaneous opening of the needle valves NV1 

40 and NV3 can be prevented. The needle valve NV3 is 
opened for the time period T4. During this period, the 
high-viscosity material MV is supplied from the high-vis- 
cosity material supplying device 11 into the cylinder 
451 . Due to high pressure of the high-viscosity material, 

45 the low-pressure gas, which has been supplied to the 
cylinder 451 before supplying the high-viscosity mate- 
rial, is compressed in a ratio equal to the pressure ratio 
of the gas to the high-viscosity material. Consequently, 
the volume of the gas becomes almost negligible. 

so [0055] For example, when the pressure of the gas is 1 
kg/cm 2 and the pressure of the high-viscosity material is 
200 kg/cm 2 , the volume of the gas becomes about 
1/200. In this case, the high-viscosity material in an 
amount equal to the volume of the cylinder 451 is mixed 

55 with the gas of 1 kg/cm 2 in the same volume. It should 
be noted that the gas of 1 kg/cm 2 in a volume equal to 
the volume of the cylinder 451 is equivalent to the gas 
under atmospheric pressure (a pressure of 0 kg/cm 2 ) in 
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a volume twice that of the cylinder 451 . That is, supply- 
ing the gas of 1 kg/cm 2 into the cylinder is equivalent to 
pressurizing the cylinder to + 1 kg/cm 2 , as the pressure 
in the cylinder is a negative pressure of about - 1 kg/cm 2 
before supplying the gas during the suction stroke. 
Therefore, the mixing ratio R of the gas and the high-vis- 
cosity material when the volume of the gas is converted 
into that under atmospheric pressure is 2:1 . The mixing 
ratio R is expressed by a general formula 
R = (P1 + 1):1 wherein P1 indicates the supply pres- 
sure of the gas. That is, the mixing ratio R can be easily 
adjusted or controlled by adjusting the supply pressure 
P1 of the gas. 

[0056] When the gas is mixed with and dispersed into 
the high-viscosity material, the high-viscosity material is 
foamed upon discharge into the atmosphere in a vol- 
ume 3 (= 1 + 2) times that of the cylinder. In other words, 
a foaming ratio A of the high-viscosity material is "3". 
The foaming ratio A is expressed by a general formula 
(P1 + 2) wherein P1 indicates the supply pressure of the 
gas. 

[0057] When the time T5 has passed after closing of 
the needle valve NV3, the needle valve NV5 opens, and 
the piston 452 moves from the suction end to the dis- 
charge end, to thereby effect the discharge stroke. The 
time T5 is a period of about 0.1 to about 0.5 second. 
During the discharge stroke, the needle valves NV1 and 
NV3 are closed so that the forward end of the needle 
453 of each of the needle valves NV1 and NV3 is flush 
with the inner circumferential surface of the cylinder 
451. Therefore, the dead space is zero and all the gas 
and the high-viscosity material in the cylinder 451 are 
discharged from the opening 454 of the needle valve 
NV5. When the time T6 has passed after completion of 
the discharge stroke, the subsequent suction stroke is 
started. The time T6 is a period of about 0.1 to about 0.5 
second. 

[0058] With respect to the piston pumps 45A and 45B, 
after the discharge stroke of one piston pump is com- 
pleted, the discharge stroke of the other piston pump is 
started. Consequently, the piston pump 45A and the 
piston pump 45B alternately discharge a gas-mixed 
material (or a combination of the high-viscosity material 
and the gas relatively discriminate^ combined there- 
with) into the pipe 44A. In the pipe 44A, the gas-mixed 
materials from the piston pump 45A and the piston 
pump 45B individually form two layers of the high-vis- 
cosity material and the compressed gas discharged by 
a single discharge stroke. Therefore, a series of two-lay- 
ered materials are discontinuously arranged in the pipe 
44A. When the volume of each of the piston pumps 45A 
and 45B is as small as about 25cc, the gas-mixed mate- 
rials are arranged in a pulse-like manner in the pipe 
44A. This enhances dispersion in a dispersion process 
after the discharge stroke. 

[0059] Fig. 2 is a circuit diagram showing the pressu- 
rizing device 13. the dispersing device 14 and the dis- 
charging device 15. The pressurizing device 13, the 



dispersing device 14 and the discharging device 15 are 
provided after the mixing/supplying device 5. The mix- 
ing/supplying device 5 and the devices 13 to 15 as a 
whole provide the foaming apparatus 1 . 

5 [0060] Referring to Fig. 2, the pressurizing device 13 
comprises: piston pumps 51 A and 51 B, each including 
a piston reciprocally and linearly driven by a motor to 
pressurize a fluid; valves 52A, 52B, 53A and 53B; and 
pressure sensors 55A and 55B. If desired, a mixer may 

10 be provided before and after the pressurizing device 1 3. 
[0061] The gas-mixed materials discharged into the 
pipe 44A are pressurized by the piston pumps 51 A and 
51 B which are alternately operated, and are transferred 
into a pipe 57. 

15 [0062] For example, with respect to an operation of 
the piston pump 51 A, when the piston moves upward 
within a cylinder while the valve 52A is opened and the 
valve 53A is closed, the gas-mixed material in the pipe 
44A is suctioned into the cylinder. When the piston 

20 moves downward while the valve 52A is closed and the 
. . valve 53A is opened, the gas-mixed material in the cyl- 
inder is extruded in a pressurized state. The pressure in 
the cylinder is detected by the pressure sensor 55A, 
which supplies a detection signal to the control device 

25 19. The extrusion pressure of the piston pump 51 A is 
1 50 kg/cm 2 or more. The rotation speed of the motor for 
driving the piston is controlled in accordance with a sig- 
nal from the control device 19, thus controlling auction- 
ing and extrusion of the piston pump 51 A and the 

30 discharge rate (the extrusion rate) of the gas-mixed 
material from the piston pump 51 A. 
[0063] The dispersing device 1 4 comprises a dispers- 
ing pipe 61 and a valve 65. The dispersing pipe 61 is a 
hose having an inner diameter of about 8 to about 10 

35 mm and a length of about 2 to about 10 m. In the dis- 
persing pipe 61, the pressure of the gas-mixed material 
is 150 kg/cm 2 or more, for example, 200 to 250 kg/cm 2 , 
and the discharge rate of the gas-mixed material is 
about 200 cc/min. During passing of the pressurized 

40 gas-mixed material through the dispersing pipe 61 , the 
gas is dispersed into the high-viscosity material MV in 
the form of fine bubbles having an average diameter of 
about 0.01 mm. 

[0064] The pressure in the dispersing pipe 61 and the 
45 inner diameter and length of the dispersing pipe 61 can 
be determined, based on the viscosity characteristics 
and specific gravity of the high-viscosity material MV 
and the necessary discharge amount of the high-vis- 
cosity material MV. 
50 [0065] Gas dispersion in the dispersing pipe 61 is con- 
sidered as follows. The gas which flows with the high- 
viscosity material MV in the dispersing pipe 61 has a 
specific gravity much smaller than that of the high-vis- 
cosity material MV and has low viscosity. Therefore, the 
55 gas moves toward a pipe wall at which the flow velocity 
is low, and is dispersed into the high-viscosity material 
MV due to shearing force generated between the pipe 
wall and the high-viscosity materia! MV. The gas is 
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reduced in volume by pressurization. Therefore, the 
higher pressure is applied, the higher dispersing effect 
can be achieved. In other words, large bubbles first 
move toward the pipe wall and are sheared by the 
shearing force, so that they are formed into small bub- 
bles. Extremely fine bubbles mixed into the high-viscos- 
ity material MV move away from the pipe wall and return 
toward the center of the pipe, because there are only 
small differences in specific gravity and viscosity 
between these bubbles and the high-viscosity material 
MV. When the pressure in the pipe lowers, the bubbles 
grow to have a large volume and move to the pipe wall, 
where the bubbles are sheared again. This phenome- 
non is repeated, thus shearing the bubbles to disperse 
the gas into the high-viscosity material MV. 
[0066] The discharging device 15 is adapted to dis- 
charge the mixture of the high-viscosity material and the 
gas dispersively mixed therewith from the dispersing 
device 14 under normal pressure, to thereby effect 
foaming. The discharging device 15 comprises a dis- 
charging pipe 71, a discharge vatve 72 and a nozzle 73. 
[0067] When the valve 72 is opened, the mixture from 
the dispersing device 14, which comprises the high-vis- 
cosity material MV and the gas, is discharged from the 
nozzle 73. Upon discharge, the gas expands to thereby 
foam the high-viscosity material. The foamed high-vis- 
cosity material MV is applied or formed in a predeter- 
mined shape by moving the nozzle 73 on a 
predetermined trajectory. 

[0068] The control device 19 effects overall control of 
the foaming apparatus 1. The control device 19 per- 
forms on-line control of a series of operations for dis- 
charging the high-viscosity material MV so that the 
foaming ratio A becomes a predetermined value. The 
foaming ratio A is defined in accordance with the follow- 
ing formula: 

foaming ratio A = V ,/V 0 - 

wherein V^ volume per unit mass of the high-vis- 
cosity material after foaming (under atmospheric 
pressure); and 

V 0 : volume per unit mass of the high-viscosity 
material before foaming. 

[0069] In the foaming apparatus 1 , the foaming ratio A 
can be set to a value in a range of, for example, about 1 
to about 4. In the case of producing a foamed-in-place 
gasket, the foaming ratio A is generally set to an appro- 
priate value in a range of 2 to 4. 
[0070] By use of the above-mentioned mixing/supply- 
ing device 5, it has become possible to mix the high-vis- 
cosity material MV and the gas in the mixing ratio R 
accurately by means of a simple device. Therefore, in 
the foaming apparatus 1 , the foaming ratio A can be 
controlled with high precision. Especially, since use is 
made of the piston pumps 45A and 45B in which the 
dead space becomes substantially zero and is negligi- 



ble, an accurate volume can be measured, so that the 
mixing ratio R can be obtained accurately. In the con- 
ventional technique in which the mixing ratio R is con- 
trolled by measuring the gas pressure, since it is difficult 
5 to measure the flow rate with high precision, the control 
cannot be easily effected, leading to low accuracy of the 
mixing ratio R. 

[0071 ] Further, since the gas having a pressure as low 
as about atmospheric pressure can be mixed into the 

10 high-viscosity material MV, a gas supplying device of a 
low-pressure output type using the membrane separa- 
tion module 33 can be used as the gas supplying device 
10. Therefore, it is unnecessary to use a gas cylinder 
filled with a high-pressure gas, so that there is no need 

15 for maintenance such as replacement of the gas cylin- 
der and no large space is required. Further, the gas flow 
rate can be measured accurately by the gas flowmeter 
35 and the operations of the piston pumps 45A and 45B 
can be monitored with high precision. 

20 [0072] In the above-mentioned embodiment, the 
membrane separation module 33 is used as the gas 
supplying device 10. However, for example, a gas cylin- 
der filled with a high-pressure gas and a pressure regu- 
lating valve may be used. 

25 [0073] In the above-mentioned embodiment, the two 
piston pumps 45A and 45B are used. Therefore, the dis- 
charge amount can be increased and continuous fixed- 
quantity discharge can be performed. Instead of two 
piston pumps, three or more piston pumps may be 

30 used. Preferably, a plurality of such piston pumps are 
operated alternately or with a time difference. When two 
piston pumps are used, continuous discharge can be 
performed by making the operation speed for the suc- 
tion stroke higher than the reverse operation speed for 

35 the discharge stroke. 

[0074] In the above-mentioned embodiment, a pre- 
mixer having blades may be provided in the pipe 44A of 
the pressurizing device 13. 

[0075] In the above-mentioned embodiment, the gas 
40 in the combination can be formed into fine bubbles by 
flowing the combination through the dispersing pipe 61 
in a pressurized state. Therefore, dispersion can be 
effected efficiently. A hose having an appropriate inner 
diameter and an appropriate length can be used as the 
45 dispersing pipe 61, leading to easy maintenance and 
low costs. 

[0076] Further, for example, when the discharging 
device 15 is connected to a robot so as to be moved by 
a manipulator on a predetermined trajectory, it is neces- 

so sary to connect the pressurizing device 13 and the dis- 
charging device 15 by using a pipe or a hose. In this 
case, by using a pipe or hose having an appropriate 
length as the dispersing pipe 61 , the dispersing pipe 61 
can be used for connection between the pressurizing 

55 device 13 and the discharging device 15. The dispers- 
ing pipe 61 can be used together with a conventional 
mixer such as a power mixer or a static mixer. Such a 
conventional mixer may be provided to be used in either 
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of the first, second, third and fourth steps in the present 
invention. 

[0077] Further, as the dispersing pipe 61 , a unit (a dis- 
persing pipe unit) comprising a spirally wound pipe hav- 
ing an appropriate inner diameter and an appropriate 
length may be used. In this case, the pipe may be made 
of, for example, steel. With respect to the size of the 
pipe, for example, a pipe having a nominal bore of 3/8 
and a length of about 1 0 to 5 m or a pipe having a nom- 
inal bore of 1/4 and a length of about 10 to 2 m may be 
used. 

[0078] In the above-mentioned embodiment, a pres- 
sure regulating valve may be provided after the dispers- 
ing pipe 61 , or before and after the dispersing pipe 61, 
so as to regulate the pressure at the pressure regulating 
valve to maintain the high-viscosity material MV in the 
dispersing pipe 61 under high pressure. In this case, the 
pressure regulating valve before the dispersing pipe 61 
is set to 150 to 350 kg/cm 2 or more and the pressure 
regulating valve after the dispersing pipe 61 is set to 
about 50 to 250 kg/cm 2 . 

[0079] It is to be understood that, within the scope of 
the present invention, parts, entire arrangements, 
shapes, dimensions, materials, numerical quantities, 
volumes, operation timings of the gas supplying device 
10, the mixing/supplying device 5 or the foaming appa- 
ratus 1 can be modified otherwise than as specifically 
described above. 

[0080] Various features of the present invention are 
described in the appended claims. 

INDUSTRIAL APPLICABILITY 

[0081] In the present invention, a gas can be mixed 
into a high-viscosity material under low pressure in an 
accurate mixing ratio. 

[0082] Further, the present invention provides a piston 
pump by use of which a gas and a high-viscosity mate- 
rial can be mixed in an accurate mixing ratio and which 
has a simple construction with low costs. 
[0083] Further, in the present invention, a gas can be 
introduced into a high-viscosity material under low pres- 
sure in a batchwise manner, leading to easy mainte- 
nance, high safety and low costs. In addition, the gas 
and the high-viscosity material can be mixed in an accu- 
rate mixing ratio, so that the foaming ratio of the high- 
viscosity material can be easily controlled. 

Claims 

1 . A method for mixing a high-viscosity material into a 
gas by using a piston pump comprising a piston and 
a cylinder, the piston being adapted to reciprocally 
move within the cylinder to effect a suction stroke 
and a discharge stroke, 

the method comprising the steps of: 
supplying a gas into the cylinder during and/or 



after the suction stroke of the piston pump; 
supplying a high-viscosity material into the cyl- 
inder after the suction stroke; and 
effecting the discharge stroke of the piston 
s pump after completion of the supply of the 

high-viscosity material in the cylinder, to 
thereby discharge the gas and the high-viscos- 
ity material into a pipe. 

10 2. A method according to claim 1 , wherein a dead 
space within the cylinder becomes substantially 
zero at the condition of completion of the discharge 
stroke of the piston pump. 

15 3. An apparatus for mixing a high-viscosity material 
into a gas, comprising: 

a piston pump including a piston and a cylinder, 
the piston being adapted to reciprocally move 
20 within the cylinder to effect a suction stroke and 

a discharge stroke; 

a gas supplying device for supplying a gas into 
the cylinder under a predetermined pressure; 
a high-viscosity material supplying device for 

25 supplying a high-viscosity material into the cyl- 

inder under a predetermined pressure; and 
a control device for effecting control to supply 
the gas into the cylinder during and/or after the 
suction stroke of the piston pump, supply the 

30 high-viscosity material into the cylinder after 

the suction stroke and effect the discharge 
stroke of the piston pump after completion of 
the supply of the high-viscosity material in the 
cylinder to discharge the gas and the high-vis- 

35 cosity material into a pipe. 

4. An apparatus according to claim 3, wherein first, 
second and third needle valves are provided in the 
cylinder of the piston pump, the first needle valve 

40 being provided at a stroke end of the discharge 
stroke and adapted to control discharge, the sec- 
ond needle valve being provided in the vicinity of 
the stroke end of the discharge stroke and adapted 
to control supply of the gas, the third needle valve 

45 being provided in the vicinity of a stroke end of the 
suction stroke and adapted to control supply of the 
high-viscosity material and wherein a dead space 
within the cylinder becomes substantially zero at 
the condition of completion of the discharge stroke 

so of the piston pump. 

5. A piston pump for use in mixing a high-viscosity 
material into a gas, comprising: 

55 a cylinder; and 

a piston which reciprocally moves within the 
cylinder to effect a suction stroke and a dis- 
charge stroke, 
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wherein first, second and third needle valves 
are provided in the cylinder of the piston pump, 
the first needle valve being provided at a stroke 
end of the discharge stroke and adapted to 
control discharge, the second needle valve 5 
being provided in the vicinity of the stroke end 
of the discharge stroke and adapted to control 
supply of the gas, the third needle valve being 
provided in the vicinity of a stroke end of the 
suction stroke and adapted to control supply of w 
the high-viscosity material and wherein a dead 
space within the cylinder becomes substan- 
tially zero at the condition of completion of the 
discharge stroke of the piston pump. 

15 

6. A method for foaming a high-viscosity material, 
comprising: 

a first step of introducing a high-viscosity mate- 
rial into a gas; 20 
a second step of pressurizing, by means of a 
pump, a combination of the high-viscosity 
material and the gas transferred from the first 
step; 

a third step of passing the combination in a 25 
pressurized state through a dispersing pipe, to 
thereby disperse the gas into the high-viscosity 
material to produce a mixture; and 
a fourth step of discharging the mixture which 
has been passed through the dispersing pipe, do 
to thereby effect foaming, 
wherein in the first step, use is made of a piston 
pump including a cylinder and a piston which 
reciprocally moves within the cylinder to effect 
a suction stroke and a discharge stroke and a 35 
membrane gas generator to which compressed 
air is supplied to generate a gas, and a low- 
pressure gas generated by the membrane gas 
generator is supplied into the piston pump to 
introduce the high-viscosity material into a gas. 40 



9. A method according to claim 8, wherein a mixing 
ratio of the gas and the high-viscosity material is 
controlled, based on a supply pressure ratio of the 
gas to the high-viscosity material supplied into the 
cylinder of the piston pump. 

1 0. A method according to claim 8 or 9, wherein a mix- 
ing ratio of the gas and the high-viscosity material is 
controlled by means of a gas pressure, an amount 
of the gas supplied into the cylinder of the piston 
pump. 

11. An apparatus for foaming a high-viscosity material, 
comprising: 

a membrane gas generator to which com- 
pressed air is supplied to generate a gas; 
a high-viscosity pump for pumping a high-vis- 
cosity material; 

a piston pump including a piston and a cylinder, 
the piston being adapted to reciprocally move 
within the cylinder to effect a suction stroke and 
a discharge stroke, the piston pump being 
adapted to discharge a combination of the 
high-viscosity material pumped from the high- 
viscosity pump and the gas supplied from the 
membrane gas generator; 
a pressurizing pump for pressurizing the com- 
bination of the high-viscosity material and the 
gas discharged from the piston pump; 
a dispersing pipe for passing the combination 
in a pressurized state therethrough to disperse 
the gas into the high-viscosity material to pro- 
duce a mixture; and 

a discharging device for discharging the mix- 
ture passed through the dispersing pipe. 



7. A method according to claim 6, wherein a nitrogen 
gas is generated by the membrane gas generator 
and the generated nitrogen gas is used as the gas. 

45 

8. A method according to claim 6 or 7, further includ- 
ing the steps of: 

supplying the gas into the cylinder during 
and/or after the suction stroke of the piston so 
pump; 

supplying the high-viscosity material into the 
cylinder after the suction stroke; and 
effecting the discharge stroke of the piston 
pump after completion of the supply of the ss 
high-viscosity material in the cylinder, to 
thereby discharge the gas and the high-viscos- 
ity material into a pipe. 
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